Neck clipping is the most widely accepted treatment for intracranial aneurysms, but this is not always possible, particularly for fusiform and athero sclerotic aneurysms. Reinforcement is often applied in such cases. Various wrapping and coating materials are used to reinforce aneurysms, includ ing cyanoacrylate glues and cotton.'') However, ar terial occlusive lesions and subsequent stroke may occur following reinforcement of unruptured aneurysms using cotton sheet (Bemsheet(g) or cyanoacrylate glue (Biobond®).5,6) The present study investigated the histological changes following topi cal application of cotton sheet and cyanoacrylate glue in and around the arterial walls of rats.
Materials and Methods
Non-fabric sheet made of 100%-cellulose cotton (Bemsheet®; Kawamoto Co., Ltd., Osaka),') and cyanoacrylate glue (Biobond®; Yoshitomi Phar maceuticals Co., Ltd., Osaka? were tested.
Twenty male Sprague-Dawley rats (Charles River Japan, Inc., Atsugi, Kanagawa), weighing 200-300 g, were anesthetized with pentobarbital sodium (50 mg/kg, i.p.), and surgery was performed under sterile conditions. Under the operating microscope, 5 mm of the outer half of the bilateral common carotid arteries (CCAs) was exposed via a ventral midline skin incision in the neck. The inner half of the CCAs and the surrounding nerves were not manipulated, and care was taken not to directly touch the CCA wall. The right CCA was wrapped with 3 X 5 mm2 of cotton sheet, and then coated with one drop of cyanoacrylate glue from a 22-gauge needle. The left CCA of each rat was used as the sham operation control.
Five animals were sacrificed at intervals of 2 weeks, 1 month, 2 months, and 3 months following surgery. The animals were first anesthetized with pentobarbital sodium (100 mg/kg, i.p.), followed by transcardiac perfusion fixation with 10% formalin solution. Both CCAs were then removed with the surrounding tissue. Sections (3 ,um thick) were cut and stained with HE and elastica Masson stains. Histological changes in the granulation tissue and the vascular walls induced by the test materials were assessed. The chronology of the histological changes were evaluated semi-quantitatively as mild, moder ate, and marked by one of the authors (Y.Y.).4)
Results
No microscopic evidence of abnormality or infec tion was observed in any of the control vessels (not shown). The chronology of extravascular reactive cell infiltration in the granuloma and the histologi cal changes in the vascular walls of the right CCAs are summarized in Tables 1 and 2 , respectively.
Cotton sheet appeared as rod shaped fibers (10-15 X 50-60 ,um), and cyanoacrylate glue appeared as an irregularly shaped material containing small particles (0.5-2,um in diameter). The extravascular granulation tissue showed severe inflammatory reaction at 2 weeks, when histiocytes and mul tinuclear giant cells were most prominent. The test materials were not directly attached to the arterial wall. Fibroblasts were seen in the adventitia, and necrosis in the media was observed in two of five rats (Fig. 1) .
The inflammatory response at 1 month was simi lar to that at 2 weeks, but the number of eosinophiles in the granulation tissue had decreased (not shown). Fibrosis in the adventitia and necrosis in the media were seen in all rats.
The inflammatory response in the granulation tis. sue at 2 months was similar to that at 2 weeks. whereas no eosinophiles were present. The tesi materials were located very close to the CCA wall, Disruption of elastic fibers had appeared in the me dia, and infiltration of collagen fibers (or fibrosis, was observed in the superficial layers. Necrosis in the media was more advanced compared with that ai 1 month. Intimal proliferation was observed both on the experimental side and in other regions of the CCA [ Fig. 2 ).
At 3 months, the test materials were attached to the CCA. The number of inflammatory cells had decreased in the granulation tissue. Lymphocytes were still present in all rats. Endothelial prolifera tion could still be observed (Fig. 3 upper) . The changes in the arterial wall resembled those seen at 2 months. Histiocytes were present in the adventitia. The media was very thin in places, and was substi tuted by collagen fibers believed to derive from the adventitia (Fig. 3 lower) . Cotton sheet fibers showed no changes, but the amount of cyanoacrylate glue had decreased gradually, although it was still present at 3 months. 
Discussion
In the present study, extracranial vessels rather than intracranial vessels were used. The major difference is that the intracranial vessels have thinner adven titia, and thus histological changes due to applica tion of vasculotoxic material should be more marked in the intracranial vessels. We previously studied the histological changes in rat CCAs in the presence of either cyanoacrylate glue or cotton sheet,') and found necrosis in the media and fibrosis in the ad ventitia. In this study, the simultaneous use of these materials was investigated.
Compared with the previous study,') the extravascular cell reaction par ticularly by multinuclear giant cells, as well as necrosis in the media and fibrosis in the adventitia, Fig. 3 Photomicrographs showing histological changes 3 months after topical application of both cotton sheet and cyanoacrylate glue. upper: Endothelial proliferation in the inti ma is visible both at the site of application (arrows) and at different sites (arrowheads). CCA: lumen of the common carotid artery. HE stain, x 20. lower: Both the adventitia and media are substituted by collagen fibers (arrow). Elastica Masson stain, x 100. In the present study, we also observed medial necrosis, elastic fiber disruption, and subsequent thinning of the media, suggesting aneurysm forma tion may be a risk. Ethyl 2-cyanoacrylate (Aron Alpha') may induce de novo aneurysm.") Further more, experimental studies have shown that methyl 2-cyanoacrylate induces fusiform dilations in rela tively large arteries (3-5 mm in diameter) during the first week following surgery.") Therefore, cyanoacrylate glues appear to be a risk factor for aneurysm development, although the present study did not detect any aneurysmal changes. 
